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(54) OPTICAL DIRECTIONAL COUPLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized 
and low loss optical directional coupler connectable to 
an optical fiber with high coupling efficiency. 
SOLUTION: This optical directional coupler is provided 
with two pieces of optical waveguides provided ranging 
first to fifth areas continuing along a propagational 
direction of a beam, and in the first, fifth areas, an 
interval between respective cores 1 2 is widened 
relatively, and in the third area, the interval between 
respective cores 1 2 is narrowed relatively so that the 
beams propagating through respective optical 
waveguides mutually act. Respective optical waveguides 
are provided with the double structural core consisting 
of an outer core 12A and an inner core 12B, and the 
refractive index of the inner core 12B is made higher 
than the same of the outer core 1 2A so that at least a 
specific refractive index difference between the core 
and a clad in the third area becomes larger than the 
specific refractive index difference in the first, fifth 
areas. 
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30 #ftt), #-0 3T-9-^XS.r/JliJT$ (nt ) Zft-fZ> 
i><r)t-tZ> 0 gtW-fflZTF-ft^ 37-^ ^X=Sr*gW3 = 7 
j uraXiS?H3 = 7^rat L> S«T^ni £1.530 £1" 
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OftJB!ff*a«l 3<±, 0Ox.lf^'M5 K£ffl»/^C7t77 
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12tR«W^XSrtL, £3<7>SM}-t::ftei-&gB# 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the 1st field and the 5th field in which it has two optical waveguides continued and 
prepared in the 1 -5th fields which continue along the propagation direction of light, and close outgoing 
radiation of the light is carried out Spacing between each optical waveguide is relatively made large so 
that light may spread independently the inside of said each optical waveguide. In the 3rd field Spacing 
between each optical waveguide is relatively narrowed so that the light which spreads the inside of said 
each optical waveguide may interact. In the 2nd field and the 4th field In the optical directional coupler 
of a configuration of that each optical waveguide of an adjoining field is connected, respectively said 
each optical waveguide The optical directional coupler characterized by the relative index difference of 
the core and clad in the 3rd field being larger than the relative index difference of the core and clad in 
the 1 st field and the 5th field at least. 

[Claim 2] Said each optical waveguide is an optical directional coupler according to claim 1 to which 
the refractive index of the core in the 3rd field carries out abbreviation etc., is, and is mutually 
characterized by things at least. 

[Claim 3] Said each optical waveguide is an optical directional coupler according to claim 1 or 2 to 
which core width of face of each of said optical waveguide which is equipped with the core of the 
double structure which consists of the inside core and the outside core which has a low refractive index 
relatively which has a high refractive index relatively, respectively, and is located in the 3rd field at least 
is characterized by considering as the width of face of said inside core, respectively. 
[Claim 4] The optical directional coupler of any one publication of claim 1-3 characterized by having 
been prepared between the cores of each of said optical waveguide located in the 3rd field at least, 
having had the low refractive-index field with a low refractive index, and consisting of refractive 
indexes of a clad. 

[Claim 5] The optical directional coupler according to claim 4 to which said low refractive-index field is 
characterized by what was formed of the air space. 

[Claim 6] Said each optical waveguide is an optical directional coupler according to claim 4 or 5 
characterized by the core width of face of the part in which said low refractive-index field is established 
being narrower than the core width of face of other parts. 

[Claim 7] Said low refractive-index field is the optical directional coupler of any one publication of 
claim 4-6 characterized by being prepared between the cores of each of said optical waveguide located 
in the 3rd field at least, and in the outside of each core. 

[Claim 8] In the 1st field and the 9th field in which it has two optical waveguides continued and 
prepared in the 1 -9th fields which continue along the propagation direction of light, and close outgoing 
radiation of the light is carried out Spacing between each optical waveguide is relatively made large so 
that light may spread independently the inside of said each optical waveguide. In the 3-7th fields 
Spacing between each optical waveguide is relatively narrowed so that the light which spreads the inside 
of said each optical waveguide may interact. In the 2nd field and the 8th field In the optical directional 
coupler of a configuration of that each optical waveguide of an adjoining field is connected, respectively 
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Spacing between said each optical waveguide located in the 5th field is made narrower than spacing 
between said each optical waveguide located in the 3rd field and the 7th field. The optical directional 
coupler characterized by each optical waveguide of the 5th field considering as the configuration 
connected with each optical waveguide of the 3rd field and the 7th field through the 4th field and the 6th 
field. 

[Claim 9] Said each optical waveguide is an optical directional coupler according to claim 8 
characterized by the width of face of the core located in the 5th field at least being narrower than the 
width of face of the core located in other fields. 

[Claim 10] The optical directional coupler according to claim 8 or 9 characterized by having been 
prepared between the cores of each of said optical waveguide located in the 3 -7th fields at least, having 
had the low refractive-index field with a low refractive index, and consisting of refractive indexes of a 
clad. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical directional coupler of low loss about the 
optical directional coupler which uses optical waveguide by small [ especially connectable with an 
optical fiber at high joint effectiveness ]. 
[0002] 

[Description of the Prior Art] Generally, the optical directional coupler constituted using optical 
waveguide is an optical device for branching of light and making multiplexing, modification of a 
propagation path, etc., for example, is used for the wavelength filter of an optical waveguide mold, the 
element components of an interferometer, etc. As shown in drawin g 29 , there are some which have the 
connection section which connects the optical coupling section which has arranged two cores of optical 
waveguide in parallel at narrow spacing, the close outgoing radiation section by which the core has been 
arranged at comparatively large spacing, and the optical coupling section and the close outgoing 
radiation section in the conventional optical directional coupler. In this conventional directional coupler, 
the configuration of a core cross section perpendicular to the travelling direction of light is the same 
about each of the close outgoing radiation section, the optical coupling section, and the connection 
section, and the relative index difference of a core and a clad is the same. 

[0003] In the optical directional coupler of the above structures, if it is going to raise joint effectiveness 
with the single mode fiber whose mode size of the light guided is about 10 micrometers, it is necessary 
to bring the core size and relative index difference of optical waveguide which constitute an optical 
directional coupler close to the core size and relative index difference of a single mode fiber. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the conventional optical directional coupler, if it 
is going to make an optical directional coupler into low loss when the core size and relative index 
difference of optical waveguide are brought close to a single mode fiber, since it will be necessary to 
lengthen the optical coupling section, there was a problem that an optical directional coupler will be 
enlarged. 

[0005] Here, relation with the core size of optical waveguide, and the relative index difference and the 
die length of the optical coupling section which constitutes an optical directional coupler is explained 
briefly. First, they are the refractive index nl of a core, and the refractive index n2 of a clad about the 
relative index difference delta of a core and a clad. It uses and a definition is given as follows. 
delta= (nl-n2)/n2 -(1) 

If the joint effectiveness of optical waveguide and an optical fiber becomes the highest when the relative 
index difference delta of optical waveguide serves as a value comparable as the relative index difference 
of an optical fiber, as shown in drawin g 30 , and relative index difference delta becomes large rather 
than the value, joint effectiveness will fall. Moreover, although not illustrated, if joint effectiveness 
becomes the highest at the time of a value comparable as the core diameter of an optical fiber and the 
core size of optical waveguide becomes small rather than the core diameter of an optical fiber about the 
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core size of optical waveguide, joint effectiveness will fall. 

[0006] As constraint for making optical waveguide into single mode waveguide about the relative index 
difference delta of an optical directional coupler, and the magnitude of a core, it may be said that 
magnitude of a core must be made small, so that relative index difference delta is enlarged. Draw ing 3 1 
and drawing 32 show bond length's relation to the gap width of face (spacing of two cores) of the optical 
coupling section of an optical directional coupler. However, core size (magnitude of one side when 
making a core into a square) is set constant, the relation when changing relative index difference delta is 
shown in drawing 3 1 , relative index difference delta is set constant and the relation when changing core 
size is shown in drawing 22 . With bond length, it considers as the shortest die length to which the 
optical power which carries out KOAHE migration in another side becomes 100% from one core here. 
[0007] Bond length becomes short, so that gap width of face is small if core size and relative index 
difference delta are fixed as shown in drawing, and bond length becomes short, so that relative index 
difference delta is small, if core size and gap width of face are fixed. Moreover, bond length becomes 
short, so that core size will become small, if relative index difference delta and gap width of face are 
fixed. Drawi ng 33 shows the relation of loss of the optical coupling section to the gap width of face of 
the optical coupling section of an optical directional coupler according to relative index difference delta. 
However, core size is fixed. 

[0008] If its attention is paid to the loss in the optical coupling section as shown in drawing 33 , loss 
becomes small, so that gap width of face is large, if relative index difference delta is fixed, and loss will 
become small, so that relative index difference delta is large, if gap width of face is fixed. This reason is 
explained as follows. As shown in drawin g 34 , migration of the optical power in the optical coupling 
section of an optical directional coupler is produced by association with zero-order mode and the 
primary mode. That is, in case the single-mode light inputted from the left end of the optical waveguide 
of the top of the two optical waveguides shown in the upper case of drawing 34 spreads the optical- 
coupling section, it will come to have electric-field distribution in zero-order mode as shown in drawing 
34 (I), and electric-field distribution in the primary mode as shown in drawing 34 (II), and the electric- 
field distribution by the superposition in both the modes as shown in drawin g 34 (III) will produce it. 
[0009] Under the present circumstances, in order that the mode configuration when adding the two 
modes may approach the mode configuration by which a guided wave is carried out to optical 
waveguide of one of the two so that the minimal value (this is set to II) of the hollow of the central part 
of electric-field distribution in the zero-order mode in the incidence section (A) of the optical coupling 
section and the outgoing radiation section (E) is small, loss becomes small at the optical coupling 
section. On the contrary, if the minimal value II of a hollow is large, since the mode configuration when 
adding the two modes in order not to separate on two crests where electric-field distribution in zero- 
order mode is beautiful will not turn into a mode configuration by which a guided wave is carried out to 
optical waveguide of one of the two (the component by which a guided wave is carried out in the optical 
waveguide of another side increases), only in the part, loss becomes large. 

[0010] The minimal value II of the hollow of the central part in zero-order mode has the relation of 
becoming so small that gap width of face being large if core size and relative index difference delta are 
fixed, and becoming so small that core size being large if relative index difference delta and gap width 
of face are fixed, and becoming so small that relative index difference delta being large if gap width of 
face and core size are fixed. Drawing 35 sets peak intensity in zero-order mode to 10, and the relation of 
relative index difference delta and bond length in case 11/10 becomes fixed (namely, when loss becomes 
fixed) is shown according to core size. As shown in drawin g 35 , even if core size is large and it is small, 
it turns out that bond length becomes short, so that relative index difference delta is enlarged. 
[001 1] Therefore, it is small, and as one means to realize the optical directional coupler of low loss, 
relative index difference delta of a core and a clad is enlarged, and it is thought effective to adjust core 
size according to it. As an optical device of the directivity joint mold which gave the description to 
refractive-index distribution of optical waveguide, the guided wave mold optical switch indicated by 
JP,4-19713,A etc., for example is well-known. This guided wave mold optical switch is enlarging the 
refractive-index difference of two approaching optical waveguides, namely, giving a difference to the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/21/2006 



JP,2000-056149,A [DETAILED DESCRIPTION] 

i i 



Page 3 of 9 



refractive index of each core of the optical waveguide located in the optical coupling section, and tends 
to enlarge the difference of the propagation constant (velocity of propagation) in zero-order mode and 
the primary mode. 

[0012] However, in the above-mentioned guided wave mold optical switch, since field strength 
distribution in the zero-order mode in the optical coupling section and the primary mode becomes 
unsymmetrical in two optical waveguides as shown in dr awin g 36 , the field strength distribution after 
interference does not become a single crest. For this reason, when the above well-known techniques are 
applied to the optical directional coupler of refractive-index immobilization, problems, such as an 
increment in loss and a fall of an extinction ratio, will arise. 

[0013] This invention was made paying attention to the above-mentioned point, and it is small and it 
aims at the thing which can connect with an optical fiber at high joint effectiveness and for which the 
optical directional coupler of low loss is offered. 
[0014] 

[Means for Solving the Problem] for this reason, in the 1st field and the 5th field in which the optical 
directional coupler of this invention has two optical waveguides continued and prepared in the 1 -5th 
fields which continue along the propagation direction of light, and close outgoing radiation of the light is 
carried out Spacing between each optical waveguide is relatively made large so that light may spread 
independently the inside of said each optical waveguide. In the 3rd field Spacing between each optical 
waveguide is relatively narrowed so that the light which spreads the inside of said each optical 
waveguide may interact. In the 2nd field and the 4th field In the optical directional coupler of a 
configuration of that each optical waveguide of an adjoining field is connected, respectively, the relative 
index difference of the core and clad in the 3rd field makes said each optical waveguide at least larger 
than the relative index difference of the core and clad in the 1st field and the 5th field. 
[0015] According to this configuration, the light by which incidence was carried out to one optical 
waveguide of the 1st field spreads to the 3rd field through the 2nd field, for example. In the 3rd field, 
since two optical waveguides are approaching, the light which has spread one optical waveguide is 
outputted from the optical waveguide of another side, and spreads to the 5th field through the 4th field. 
Under the present circumstances, the die length of the 3rd field, i.e., bond length, becomes short by 
relative index difference of the 3rd field where optical coupling is performed being made larger than the 
1st field and the 5th field. Moreover, since the relative index difference of the 1st field and the 5th field 
is small, it becomes connectable with an optical fiber at high joint effectiveness. 
[0016] Moreover, as for said each optical waveguide, it is desirable to make it become [ on which the 
refractive index of the core in the 3rd field spreads abbreviation etc. mutually at least ]. the refractive 
index of each core of two optical waveguides ~ abbreviation - by making it equal, since the field 
strength in the zero-order mode in each optical waveguide of the 3rd field and the primary mode serves 
as symmetrical distribution, the field strength distribution after interference serves as a single crest 
mostly, and the loss in the case of optical coupling becomes low. 

[0017] Furthermore, it has the core of the double structure which consists of the inside core and the 
outside core which has a low refractive index relatively which has a high refractive index relatively as a 
concrete configuration of each of said optical waveguide, respectively, and the core width of face of 
each of said optical waveguide located in the 3rd field at least may be made to be made into the width of 
face of said inside core, respectively. In addition, about the above-mentioned optical directional coupler, 
it is desirable to be prepared between the cores of each of said optical waveguide located in the 3rd field 
at least, to have a low refractive-index field with a low refractive index, and to consist of refractive 
indexes of a clad. This low refractive-index field may be formed by the air space. Thus, while the 
relative index difference of the 3rd field becomes larger and bond length becomes short by preparing a 
low refractive-index field, the refractive index between the cores of the optical coupling section 
becomes low, and loss becomes small. 

[0018] Moreover, as for said each optical waveguide, it is desirable to make it the core width of face of 
the part in which said low refractive-index field is established become narrower than the core width of 
face of other parts. Thereby, optical coupling section core size becomes small, and bond length becomes 
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still shorter. Furthermore, said low refractive-index field may be made to establish between the cores of 
each of said optical waveguide located in the 3rd field at least, and in the outside of each core. By doing 
in this way, the relative index difference of the core in the 3rd field and a clad becomes still larger. 
[0019] moreover, in the 1st field and the 9th field in which other optical directional couplers concerning 
this invention have two optical waveguides continued and prepared in the 1 -9th fields which continue 
along the propagation direction of light, and close outgoing radiation of the light is carried out Spacing 
between each optical waveguide is relatively made large so that light may spread independently the 
inside of said each optical waveguide. In the 3-7th fields Spacing between each optical waveguide is 
relatively narrowed so that the light which spreads the inside of said each optical waveguide may 
interact. In the 2nd field and the 8th field In the optical directional coupler of a configuration of that 
each optical waveguide of an adjoining field is connected, respectively Spacing between said each 
optical waveguide located in the 5th field is made narrower than spacing between said each optical 
waveguide located in the 3rd field and the 7th field, and each optical waveguide of the 5th field 
considers as the configuration connected with each optical waveguide of the 3rd field and the 7th field 
through the 4th field and the 6th field. 

[0020] Since spacing between each core of the 3rd and 7 field is larger than core spacing of the 5th field 
while bond length becomes short according to this configuration, since the 5th field located in the 
central part of the 3-7th fields used as the optical coupling section turns into a strong optical coupling 
field, the loss in the optical coupling section comes to be suppressed low. Furthermore, you may make it 
said each optical waveguide become narrower than the width of face of the core to which the width of 
face of the core located in the 5th field at least is located in other fields. In addition, about the above- 
mentioned optical directional coupler, it is desirable to be prepared between the cores of each of said 
optical waveguide located in the 3-7th fields at least, to have a low refractive-index field with a low 
refractive index, and to consist of refractive indexes of a clad. 
[0021] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based on a 
drawing. Drawing 1 is the plan showing the configuration of the optical directional coupler concerning 
the 1 st operation gestalt. Moreover, drawin g 2 is (a) shown with the alternate long and short dash line of 
drawing J . - (e) It is the sectional view which can be set. In drawing, this optical directional coupler 
consists of optical waveguide layers which used polyimide etc. and were formed for example, on the 
silicon substrate 10 and this silicon substrate 10. An optical waveguide layer consists of two cores 12 
surrounded by the clad 1 1, each core 12 is formed in parallel with a longitudinal direction by drawin g 1 , 
and mutual spacing is narrow in the central part. Here, the part (close outgoing radiation section) located 
in a right-and-left edge by drawin g 1 is made into the 1st field and the 5th field, make into the 3rd field 
the part (optical coupling section) to which spacing of each core 12 located in the center became narrow, 
and let the parts (connection section) located between the 1st field and the 5th field, and the 3rd field be 
the 2nd field and the 4th field. 

[0022] Each core 12 has the double core fabric which consists of core (inner core) 12B located in core 
(outer core) 12A and the inside which are located outside. Outer core 12A is formed near the edge of the 
1 st field where connection with a single mode fiber etc. is made, and the 5th field (refer to drawing 2 (a) 
and (e)), and becomes connectable with a single mode fiber at high joint effectiveness by having the 
large cross-sectional area in a connection end face. The cross section is made narrower than outer core 
12 A, and it is formed in the 2nd field - the 4th field, applying inner core 12B. moreover, the refractive 
index of the part which two cores 12 counter — mutual - abbreviation - it is made to become equal, and 
it is set up so that two cores 12 may have symmetrical structure. 

[0023] Conversion to inner core 12B from outer core 12A is performed by joining each core formed in 
the shape of a taper in the 1 st field and the 5th field. The core cross section of this conversion part serves 
as double structure, as shown in drawin g 2 (b) and (d). In addition, although it was made to perform 
conversion to inner core 12B from outer core 12A in the 1st field and the 5th field, it may be made to 
carry out not only this but in the 2nd field and the 4th field. However, if it changes in the 1st field and 
the 5th field, since the core of the 2nd field and the 4th field can be made thin and radius of curvature 
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can be made small, an optical directional coupler will become smaller. 

[0024] The refractive index (nlo) of outer core 12A is higher than the refractive index (n2) of a clad 11, 
and the refractive index (nl i) of inner core 12B is made higher than the refractive index (nlo) of outer 
core 12A. That is, the refractive index of optical waveguide is set up so that it may have the following 
size relation. 

nl i>nl o>n2 — here shows the example of each set point in the 1st operation gestalt. Core size is set to 
width-of-face Wl=4micrometerx height Hl=7micrometer about inner core 12B, and it is refractive- 
index nli 1 .532 It carries out. Core size is set to width-of-face W2=7micrometerx height 
H2=7micrometer about outer core 12A, and it is refractive-index nlo 1.528 It carries out. About a clad 
1 1, it is a refractive index n2. 1 .520 It carries out and thickness of 10 micrometers and an exaggerated 
clad is set to 1 5 micrometers for the thickness of an undershirt clad. Moreover, by such setup, it is the 
gap width of face Gl between the cores in the 3rd field 5.5 Bond length will be set to 5.4 mm if mum. 
[0025] Moreover, the formation approach of the double core fabric mentioned above is explained 
briefly. Drawin g 3 is the formation approach of a double core fabric of having used for example, 
fluorination polyimide. In addition, although fluorination polyimide was used here, this invention is not 
restricted to this. However, if an organic material like fluorination polyimide is used, a double core 
fabric can be produced comparatively easily. 

[0026] In drawin g 3 , sequential formation of a cladding layer, an outer core layer, and the inner core 
layer is first carried out by the spin coat on a silicon substrate 10. Next, after forming the mask 
equivalent to inner core width of face on an inner core layer, a part of inner core layer and outer core 
layer are etched by reactive ion etching (RIE), and an outer core layer is further applied so that an inner 
core may be surrounded. 

[0027] Next, in forming the double core part located in the 1st field or the 5th field, after forming the 
mask equivalent to outer core width of face on an outer core layer, RIE removes an unnecessary outer 
core layer, an outer core is formed, a cladding layer is applied so that an outer core may be surrounded 
further, and the double core fabric of the 1 st field or the 5th field is formed. In forming the core part 
located in the 2nd - the 4th field, after, forming the mask equivalent to inner core width of face on an 
outer core layer on the other hand, RIE removes an unnecessary outer core layer. However, an outer core 
will remain in the upper and lower sides of an inner core in this case. And a cladding layer is applied so 
that a core may be surrounded, and the double core fabric of the 2nd - the 4th field is formed. 
[0028] In the optical directional coupler which has the double core fabric formed as mentioned above, in 
connection with a single mode fiber, since it connects with outer core 12A with big core size, joint 
effectiveness higher than the conventional optical directional coupler is realized. On the other hand, in 
the optical coupling section of the 3rd field, since inner core 12B which made the refractive index high 
is formed and the relative index difference delta of a clad 1 1 and a core 12 is large, bond length (the die 
length of the 3rd field) can be shortened. In the conventional optical directional coupler (for example, 
core width of face is 7 micrometers, and relative index difference delta is 0.5 etc.) which does not 
specifically have the inner core which made the refractive index high, although bond length is set to 
about 10mm, bond length becomes 5.4 mm extent by using the structure of this operation gestalt. 
Therefore, a small optical directional coupler is comparatively realizable by low loss. Moreover, in the 
optical coupling section, by making width of face of a core 12 into inner core width of face, and 
adjusting a setup of this width of face suitably, even if relative index difference delta becomes large, it is 
possible to maintain a single mode. 

[0029] Next, the 2nd operation gestalt of this invention is explained. Drawing 4 is the plan showing the 
configuration of the optical directional coupler concerning the 2nd operation gestalt. Moreover, d rawin g 
5 is (a) shown with the alternate long and short dash line of drawin g 4 . - (c) It is the sectional view 
which can be set. In drawing, this optical directional coupler is taken as the configuration which formed 
the low refractive-index field 13 between each core located in the 3rd field (optical coupling section) at 
least, in order to form two cores 12 surrounded by the clad 1 1 on the silicon substrate 10 and to enlarge 
relative index difference delta of the clad 1 1 and core 12. 

[0030] Unlike the case of the 1st operation gestalt, each core 12 shall have single core size and a single 
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refractive index (nl). When an example is shown, core size is set to width-of-face W3=7micrometerx 
height H3=7micrometer, and it is a refractive index nl. 1.530 It carries out. Moreover, it is the gap width 
of face G2 between each core 5.5 It is referred to as mum. Furthermore, about a clad 1 1, it is the 
refractive index n2 1.522 It carries out. 

[003 1 ] The low refractive-index field 1 3 has the width of face below the gap width of face between each 
core 12 in the 3rd field, and is the refractive index n2 of a clad 1 1 . Low refractive index n3 It is the field 
which it has. the optical directional coupler for which this low refractive-index field 13 used polyimide - 
- etching - a slot forming -- there - a clad 1 1 - low - if the refractive index matter is applied, it can 
form, the cross-section configuration of the low refractive-index field 13 - for example, drawin g 6 (A) - 
(D) etc. - considering as various configurations as shown is possible. Here, as a concrete example of a 
setting of the low refractive-index field 13, it is referred to as width-of-face W4=4micrometerx depth 
D4=4micrometerx die-length L4=6000micrometer, and is a refractive index n3. 1.520 It carries out. 
[0032] According to the optical directional coupler of the above structures, since relative index 
difference delta in the optical coupling section can be enlarged, bond length can be shortened. Moreover, 
relative index difference delta is the width of face, the depth, and the refractive index n3 of the low 
refractive-index field 1 3. It can adjust by changing. Furthermore, from the refractive index between the 
cores in the optical coupling section falling, since the minimal value II of the hollow of the central part 
of electric-field distribution in the zero-order mode shown in above-mentioned drawing 34 (I) becomes 
low, loss in the optical coupling section can be made low. Therefore, according to the 2nd operation 
gestalt, it can connect with a single mode fiber at high joint effectiveness like the case of the 1st 
operation gestalt, and a small optical directional coupler can be realized by low loss. 
[0033] Next, the 3rd operation gestalt of this invention is explained. Drawin g 7 is the plan showing the 
configuration of the optical directional coupler concerning the 3rd operation gestalt. Moreover, drawing 
8 is (a) shown with the alternate long and short dash line of drawin g 7 . - (c) It is the sectional view 
which can be set. In drawing, about the optical directional coupler of the 2nd operation gestalt, this 
optical directional coupler replaces with the low refractive-index field 13, and forms an air gap (air 
space) 14. Configurations other than the above are the same as the configuration of the 2nd operation 
gestalt. 

[0034] If an air gap 14 is the optical waveguide which used a quartz system and fluorination polyimide, 
it is simply producible by etching, moreover, the case of the cross-section configuration of the low 
refractive-index field 13 which mentioned above the cross-section configuration of an air gap 14 - the 
same - for example, drawing 9 (A) - (D) etc. - considering as various configurations as shown is 
possible. Here, a width-of-face W5=4micrometerx depth D5=4micrometerx die-length 
L5=6000micrometer thing is used as an example of an air gap 14. 

[0035] According to the optical directional coupler of the above structures, like the case of the 2nd 
operation gestalt, since relative index difference delta in the optical coupling section can be enlarged, 
bond length can be shortened. Moreover, relative index difference delta can be adjusted by changing the 
width of face and the depth of an air gap 14. Furthermore, since the refractive index between the cores in 
the optical coupling section falls, loss in the optical coupling section can also be made low. In addition, 
an air gap 14 also has the advantage that it can form easily compared with the low refractive-index field 
13. 

[0036] Next, the 4th operation gestalt of this invention is explained. Drawin g 10 is the plan showing the 
configuration of the optical directional coupler concerning the 4th operation gestalt. Moreover, drawin g 
1 1 is (a) shown with the alternate long and short dash line of drawin g 10 . - (c) It is the sectional view 
which can be set. In drawing, about the optical directional coupler of the 2nd operation gestalt, core size 
covers an overall length, and this optical directional coupler is replaced with two uniform cores 12, and 
prepares two core 12' which made smaller than the part located in other fields core size of the part 
located in the 3rd field. Configurations other than the above are the same as the configuration of the 2nd 
operation gestalt. 

[0037] Each core 12' about the part located in the 1st field and the 5th field The size of the part which 
has the same size as the core 12 used with the 2nd operation gestalt, and is located in the 3rd part For 
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example, it was referred to as width-of-face W6=4micrometerx height H6=4micrometer, and the part 
located in the 2nd field and the 4th field was formed in the shape of a taper, and has connected the 3rd 
field, the 1st field, and the 5th field. Moreover, refractive index nl of the core in each field It is set up so 
that it may become equal, for example, it is refractive-index nl =1.530. It is carried out. The relative 
index difference delta at the time of using this core 12' can be adjusted by changing width of face, the 
depth, etc. of the low refractive-index field 13. 

[0038] According to this configuration, optical waveguide will become a multimode if core size 
becomes [ relative index difference delta ] large in a fixed case. In single mode ****** ? relative index 
difference delta can be enlarged, so that core size is made small. If relative index difference delta is 
enlarged and core size is made small as shown in above-mentioned drawin g 35 , bond length can be 
shortened with a single mode maintained. Therefore, according to the above-mentioned configuration, a 
smaller optical directional coupler will be realized more by low loss. Moreover, in the part located in the 
1 st field and the 5th field, joint effectiveness with a single mode fiber is highly maintained for core size 
by that in the size case. 

[0039] In addition, although it was made to make thin the core of the part located in the 3rd field with 
the 4th operation gestalt mentioned above, as shown in drawin g 12 , not only the optical coupling 
section but the core of the part located in the 2nd field and the 4th field may be made thin. If it does in 
this way, since the curvature for a bend section of the 2nd field and the 4th field can be made small, an 
optical directional coupler can be made still smaller. Moreover, the low refractive-index field 13 of the 
4th above-mentioned operation gestalt may be replaced with an air gap 14 like the case of the 3rd 
operation gestalt. 

[0040] Next, the 5th operation gestalt of this invention is explained. Drawin g 13 is the plan showing the 
configuration of the optical directional coupler concerning the 5th operation gestalt. Moreover, drawin g 
1 4 is (a) shown with the alternate long and short dash line of drawing 13 . - (e) It is the sectional view 
which can be set. In drawing, like the case of the 3rd operation gestalt, this optical directional coupler 
forms an air gap 14 between each core of the 3rd field at least, and enlarges relative index difference 
delta of a clad 1 1 and core 12B about the optical directional coupler of the double core fabric of the 1st 
operation gestalt mentioned above. In addition, the air gap 14 used here can also be made into the same 
low refractive-index field 1 3 as the case of the 2nd operation gestalt mentioned above. 
[0041] In the optical directional coupler of such a configuration, since relative index difference delta in 
the optical coupling section can be enlarged by having considered as the double core fabric, without 
lowering joint effectiveness with a single mode fiber, bond length can be shortened further. Moreover, 
since the minimal value II of the hollow of the central part in the zero-order mode mentioned above can 
be made low by having formed the air gap 14, loss in the optical coupling section can be made low. 
[0042] Next, the 6th operation gestalt of this invention is explained. Drawing 1 5 is the plan showing the 
configuration of the optical directional coupler concerning the 6th operation gestalt. Moreover, drawin g 
16 is (a) shown with the alternate long and short dash line of drawin g 15 . - (c) It is the sectional view 
which can be set. In drawing, about the optical directional coupler of the 2nd operation gestalt, this 
optical directional coupler prepares low refractive-index field 13' not only in between each core 12 but 
in the outside of each core 12 in the 3rd field at least, in order to enlarge more relative index difference 
delta of a clad 1 1 and a core 12. Other configurations are the same as the configuration of the 2nd 
operation gestalt. 

[0043] Low refractive-index field 13' is continued and formed near the boundary of the 4th and 5 field 
from near the boundary of the 1 st and 2 field here, and the cross-section configuration is drawin g 16 (b). 
It has the part projected between two cores 12 and on the outside of each core 12 so that it may be 
shown, in addition, the cross-section configuration of low refractive-index field 13' - drawin g 1 7 (A) - 
(D) etc. - considering as various configurations as shown is possible. It is possible to adjust suitably the 
relative index difference delta of a clad 1 1 and a core 12 by changing width of face, the depth, etc. of 
this low refractive-index field 13'. 

[0044] In the optical directional coupler of such a configuration, since the relative index difference delta 
in the optical coupling section becomes still larger compared with the case of the 2nd operation gestalt, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/21/2006 



JP,2000-056149,A [DETAILED DESCRIPTION] 



Page 8 of 9 



it is possible to shorten bond length more. Moreover, like the case of the 2nd operation gestalt, since the 
refractive index between each core 12 falls, the minimal value II of the hollow of the center in zero- 
order mode becomes small, and serves as low loss. Therefore, according to the 6th operation gestalt, it is 
more small and the optical directional coupler of low loss can be realized. 

[0045] Next, the 7th operation gestalt of this invention is explained. Draw ing 1 8 is the plan showing the 
configuration of the optical directional coupler concerning the 7th operation gestalt. Moreover, draw ing 
19 is (a) shown with the alternate long and short dash line of drawing 18 . - (c) It is the sectional view 
which can be set. In drawing, about the optical directional coupler of the 6th operation gestalt, this 
optical directional coupler replaces with low refractive-index field 13', and prepares air gap (air space) 
14'. This configuration is the same as that also of what replaced with air gap 14* the air gap 14 used with 
the 3rd operation gestalt. Configurations other than the above are the same as the configuration of the 
6th operation gestalt. 

[0046] If this air gap 14' is the optical waveguide which used a quartz system and fluorination 
polyimide, it is simply producible by etching, moreover, the case of the cross-section configuration of 
low refractive-index field 13' which mentioned above the cross-section configuration of air gap 14' the 
same - for example, drawin g 20 (A) - (D) etc. ~ considering as various configurations as shown is 
possible. It is possible to adjust suitably the relative index difference delta of a clad 1 1 and a core 12 by 
changing width of face, the depth, etc. of this air gap 14'. 

[0047] According to the optical directional coupler of the above structures, like the case of the 6th 
operation gestalt, since the relative index difference delta in the optical coupling section becomes still 
larger, bond length can be shortened more and loss in the optical coupling section can also be made low. 
Furthermore, air gap 14' also has the advantage that it can form easily compared with low refractive- 
index field 13'. In addition, although the above-mentioned 6th and the operation gestalt of 7 explained 
the case where low refractive-index field 13' and air gap 14' were applied about the operation gestalt of 
the 2nd and 3, not only this but, of course, this invention can apply low refractive-index field 13' and air 
gap 14* about the operation gestalt of the 4th and 5. In drawing_2J and drawing 22 , the plan and each 
sectional view at the time of applying low refractive-index field 13' are shown about the 4th operation 
gestalt, and the plan and each sectional view at the time of applying low refractive-index field 13' about 
the 5th operation gestalt are shown in drawin g 23 and drawing 24 at them. 

[0048] Next, the 8th operation gestalt of this invention is explained. Drawing 25 is the plan showing the 
configuration of the optical directional coupler concerning the 8th operation gestalt. In drawin g 25 , this 
optical directional coupler establishes the strong optical coupling field which made still narrower gap 
width of face between two cores 15 in the central part of the optical coupling section about the 
conventional optical directional coupler. In drawing, the close outgoing radiation section of the 
conventional optical directional coupler is made into the 1st and 9 field, the connection section is made 
into the 2nd and 8 field, and the optical coupling section is made into the 3-7th fields. The 3-7th fields 
used as the optical coupling section consist of the 4th and 6 fields which connect the 3rd and 7 field 
which has the same gap width-of-face G3 as usual, the 5th field as a strong optical coupling field which 
has the still narrower gap width of face G4, and the 3rd and 7 field and the 5th field. As a concrete 
example of a setting, width of face of each core 15 is set to 7 micrometers, height is set to 7 
micrometers, and gap width of face G4 in the 5th field is set to 4 micrometers. In addition, the 
configuration except having established the strong optical coupling field in the optical coupling section 
is the same as the configuration of the conventional optical directional coupler. 
[0049] In the optical directional coupler of such a configuration, since the gap width of face in the 
optical coupling section becomes narrower by having prepared the strong optical coupling field, bond 
length can be shortened. However, if gap width of face in all the 3-7th fields is narrowed, as mentioned 
above, the minimal value II of the hollow of the center of electric-field distribution in zero-order mode 
will become large, and the loss in the optical coupling section will increase. In order to prevent this, by 
making large gap width of face of the optical ON outgoing radiation part (the 3rd and 7 field) of the 
optical coupling section as usual, said minimal value II can be maintained small and the increment in 
loss can be prevented. Therefore, according to the 8th operation gestalt, the optical directional coupler 
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aiming at a miniaturization can be realized about the conventional optical directional coupler, without 
making loss increase. 

[0050] Next, the 9th operation gestalt of this invention is explained. Drawin g 26 is the plan showing the 
configuration of the optical directional coupler concerning the 9th operation gestalt. In drawin g 26 , this 
optical directional coupler is replaced with each core 1 5 which has uniform core size about the operation 
gestalt of the above 8th, and is taken as the configuration which prepared core 15' which made small 
core size of the part located in a strong optical coupling field (the 5th field) at least. Specifically, width 
of face of each core 15' in a strong optical coupling field is set to 4 micrometers. Configurations other 
than the above are the same as the configuration of the 8th operation gestalt. 

[0051] In such an optical directional coupler, if gap width of face and relative index difference delta are 
in a fixed condition as shown in above-mentioned drawin g 32 , the one where core size is smaller can 
shorten bond length. Therefore, according to the 9th operation gestalt, the same effectiveness as the 8th 
operation gestalt is acquired, and bond length can be shortened further. Next, the 10th operation gestalt 
of this invention is explained. 

[0052] Drawing 27 is the plan showing the configuration of the optical directional coupler concerning 
the 1 0th operation gestalt. Moreover, drawin g 28 is (a) shown with the alternate long and short dash line 
of d_rawing_27 . - (e) It is the sectional view which can be set. In drawing, this optical directional coupler 
is taken as the configuration which formed the low refractive-index field 16 between each core located 
in the 3 -7th fields (optical coupling section) at least like the case of the 2nd operation gestalt about the 
optical directional coupler of the 8th operation gestalt. It is prepared applying the low refractive-index 
field 1 6 in the middle of the 8th field from the middle of the 2nd field here, and the width of face is 
made below into the gap width of face between the cores in a strong optical coupling field, in addition, 
the cross-section configuration of the low refractive-index field 16 - drawing 28 (c) Not only the shown 
configuration but above-mentioned drawin g 6 (A) - (D) etc. — considering as various configurations as 
shown is possible. Moreover, it replaces with the low refractive-index field 16 used here, and you may 
make it prepare the same air gap as the case of the 3rd operation gestalt. 

[0053] In such an optical directional coupler, since the refractive index between the cores in the optical 
coupling section falls by having formed the low refractive-index field 16, relative index difference delta 
of a clad 1 1 and a core 1 5 can be enlarged. The relative index difference delta in this case can be 
adjusted by changing width of face, the depth, etc. of the low refractive-index field 16. Therefore, 
according to the 10th operation gestalt, while being able to shorten bond length further, it is possible to 
also make loss in the optical coupling section lower. 

[0054] In addition, although the low refractive-index field was prepared between each core of the optical 
coupling section, you may make it establish a low refractive-index field not only in between each core 
but in the outside of each core with the operation gestalt of the above 10th like the case of the 6th 
operation gestalt mentioned above besides this. Moreover, you may make it prepare a low refractive- 
index field about the optical directional coupler of the 9th operation gestalt. 
[0055] 

[Effect of the Invention] Since bond length can be shortened according to this invention when it was 
made for the relative index difference of the core and clad in the 3rd field to which optical coupling is 
performed to become larger than the relative index difference in the 1st and 5 field as explained above, it 
becomes possible to attain the miniaturization of an optical directional coupler, enabling connection with 
an optical fiber at high joint effectiveness, moreover, the refractive index of each core — mutual - 
abbreviation — making it equal or preparing a low refractive-index field **** — etc. ~ the loss in the 
case of optical coupling can be low suppressed by carrying out. Therefore, a small optical directional 
coupler can be offered by low loss. Furthermore, if a low refractive-index field is formed by the air 
space, production of an optical directional coupler will become simple. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the optical directional coupler of low loss about the 
optical directional coupler which uses optical waveguide by small [ especially connectable with an 
optical fiber at high joint effectiveness ]. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Generally, the optical directional coupler constituted using optical 
waveguide is an optical device for branching of light and making multiplexing, modification of a 
propagation path, etc., for example, is used for the wavelength filter of an optical waveguide mold, the 
element components of an interferometer, etc. As shown in drawin g 29 , there are some which have the 
connection section which connects the optical coupling section which has arranged two cores of optical 
waveguide in parallel at narrow spacing, the close outgoing radiation section by which the core has been 
arranged at comparatively large spacing, and the optical coupling section and the close outgoing 
radiation section in the conventional optical directional coupler. In this conventional directional coupler, 
the configuration of a core cross section perpendicular to the travelling direction of light is the same 
about each of the close outgoing radiation section, the optical coupling section, and the connection 
section, and the relative index difference of a core and a clad is the same. 

[0003] In the optical directional coupler of the above structures, if it is going to raise joint effectiveness 
with the single mode fiber whose mode size of the light guided is about 10 micrometers, it is necessary 
to bring the core size and relative index difference of optical waveguide which constitute an optical 
directional coupler close to the core size and relative index difference of a single mode fiber. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since bond length can be shortened according to this invention when it was 
made for the relative index difference of the core and clad in the 3rd field to which optical coupling is 
performed to become larger than the relative index difference in the 1st and 5 field as explained above, it 
becomes possible to attain the miniaturization of an optical directional coupler, enabling connection with 
an optical fiber at high joint effectiveness, moreover, the refractive index of each core ~ mutual - 
abbreviation - making it equal or preparing a low refractive-index field ****-- etc. - the loss in the 
case of optical coupling can be low suppressed by carrying out. Therefore, a small optical directional 
coupler can be offered by low loss. Furthermore, if a low refractive-index field is formed by the air 
space, production of an optical directional coupler will become simple. 

[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the conventional optical directional coupler, if it 
is going to make an optical directional coupler into low loss when the core size and relative index 
difference of optical waveguide are brought close to a single mode fiber, since it will be necessary to 
lengthen the optical coupling section, there was a problem that an optical directional coupler will be 
enlarged. 

[0005] Here, relation with the core size of optical waveguide, and the relative index difference and the 
die length of the optical coupling section which constitutes an optical directional coupler is explained 
briefly. First, they are the refractive index nl of a core, and the refractive index n2 of a clad about the 
relative index difference delta of a core and a clad. It uses and a definition is given as follows. 
delta=(nl-n2)/n2-(l) 

If the joint effectiveness of optical waveguide and an optical fiber becomes the highest when the relative 
index difference delta of optical waveguide serves as a value comparable as the relative index difference 
of an optical fiber, as shown in drawin g 30 , and relative index difference delta becomes large rather 
than the value, joint effectiveness will fall. Moreover, although not illustrated, if joint effectiveness 
becomes the highest at the time of a value comparable as the core diameter of an optical fiber and the 
core size of optical waveguide becomes small rather than the core diameter of an optical fiber about the 
core size of optical waveguide, joint effectiveness will fall. 

[0006] As constraint for making optical waveguide into single mode waveguide about the relative index 
difference delta of an optical directional coupler, and the magnitude of a core, it may be said that 
magnitude of a core must be made small, so that relative index difference delta is enlarged. Drawin g 3 1 
and drawing 32 show bond length's relation to the gap width of face (spacing of two cores) of the optical 
coupling section of an optical directional coupler. However, core size (magnitude of one side when 
making a core into a square) is set constant, the relation when changing relative index difference delta is 
shown in drawing 31 , relative index difference delta is set constant and the relation when changing core 
size is shown in drawing 32 . With bond length, it considers as the shortest die length to which the 
optical power which carries out KOAHE migration in another side becomes 100% from one core here. 
[0007] Bond length becomes short, so that gap width of face is small if core size and relative index 
difference delta are fixed as shown in drawing, and bond length becomes short, so that relative index 
difference delta is small, if core size and gap width of face are fixed. Moreover, bond length becomes 
short, so that core size will become small, if relative index difference delta and gap width of face are 
fixed. Drawing 33 shows the relation of loss of the optical coupling section to the gap width of face of 
the optical coupling section of an optical directional coupler according to relative index difference delta. 
However, core size is fixed. 

[0008] If its attention is paid to the loss in the optical coupling section as shown in drawin g 33 , loss 
becomes small, so that gap width of face is large, if relative index difference delta is fixed, and loss will 
become small, so that relative index difference delta is large, if gap width of face is fixed. This reason is 
explained as follows. As shown in drawing 34 , migration of the optical power in the optical coupling 
section of an optical directional coupler is produced by association with zero-order mode and the 
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primary mode. That is, in case the single-mode light inputted from the left end of the optical waveguide 
of the top of the two optical waveguides shown in the upper case of drawin g 34 spreads the optical- 
coupling section, it will come to have electric-field distribution in zero-order mode as shown in drawing 
34 (I), and electric-field distribution in the primary mode as shown in drawmgj34 (II), and the electric- 
field distribution by the superposition in both the modes as shown in drawing_34 (III) will produce it. 
[0009] Under the present circumstances, in order that the mode configuration when adding the two 
modes may approach the mode configuration by which a guided wave is carried out to optical 
waveguide of one of the two so that the minimal value (this is set to II) of the hollow of the central part 
of electric-field distribution in the zero-order mode in the incidence section (A) of the optical coupling 
section and the outgoing radiation section (E) is small, loss becomes small at the optical coupling 
section. On the contrary, if the minimal value II of a hollow is large, since the mode configuration when 
adding the two modes in order not to separate on two crests where electric-field distribution in zero- 
order mode is beautiful will not turn into a mode configuration by which a guided wave is carried out to 
optical waveguide of one of the two (the component by which a guided wave is carried out in the optical 
waveguide of another side increases), only in the part, loss becomes large. 

[0010] The minimal value II of the hollow of the central part in zero-order mode has the relation of 
becoming so small that gap width of face being large if core size and relative index difference delta are 
fixed, and becoming so small that core size being large if relative index difference delta and gap width 
of face are fixed, and becoming so small that relative index difference delta being large if gap width of 
face and core size are fixed. Drawin g 35 sets peak intensity in zero-order mode to 10, and the relation of 
relative index difference delta and bond length in case 11/10 becomes fixed (namely, when loss becomes 
fixed) is shown according to core size. As shown in drawin g 35 , even if core size is large and it is small, 
it turns out that bond length becomes short, so that relative index difference delta is enlarged. 
[001 1] Therefore, it is small, and as one means to realize the optical directional coupler of low loss, 
relative index difference delta of a core and a clad is enlarged, and it is thought effective to adjust core 
size according to it. As an optical device of the directivity joint mold which gave the description to 
refractive-index distribution of optical waveguide, the guided wave mold optical switch indicated by 
JP,4-19713,A etc., for example is well-known. This guided wave mold optical switch is enlarging the 
refractive-index difference of two approaching optical waveguides, namely, giving a difference to the 
refractive index of each core of the optical waveguide located in the optical coupling section, and tends 
to enlarge the difference of the propagation constant (velocity of propagation) in zero-order mode and 
the primary mode. 

[0012] However, in the above-mentioned guided wave mold optical switch, since field strength 
distribution in the zero-order mode in the optical coupling section and the primary mode becomes 
unsymmetrical in two optical waveguides as shown in drawin g 36 , the field strength distribution after 
interference does not become a single crest. For this reason, when the above well-known techniques are 
applied to the optical directional coupler of refractive-index immobilization, problems, such as an 
increment in loss and a fall of an extinction ratio, will arise. 

[001 3] This invention was made paying attention to the above-mentioned point, and it is small and it 
aims at the thing which can connect with an optical fiber at high joint effectiveness and for which the 
optical directional coupler of low loss is offered. 
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MEANS 



[Means for Solving the Problem] for this reason, in the 1st field and the 5th field in which the optical 
directional coupler of this invention has two optical waveguides continued and prepared in the 1 -5th 
fields which continue along the propagation direction of light, and close outgoing radiation of the light is 
carried out Spacing between each optical waveguide is relatively made large so that light may spread 
independently the inside of said each optical waveguide. In the 3rd field Spacing between each optical 
waveguide is relatively narrowed so that the light which spreads the inside of said each optical 
waveguide may interact. In the 2nd field and the 4th field In the optical directional coupler of a 
configuration of that each optical waveguide of an adjoining field is connected, respectively, the relative 
index difference of the core and clad in the 3rd field makes said each optical waveguide at least larger 
than the relative index difference of the core and clad in the 1st field and the 5th field. 
[0015] According to this configuration, the light by which incidence was carried out to one optical 
waveguide of the 1st field spreads to the 3rd field through the 2nd field, for example. In the 3rd field, 
since two optical waveguides are approaching, the light which has spread one optical waveguide is 
outputted from the optical waveguide of another side, and spreads to the 5th field through the 4th field. 
Under the present circumstances, the die length of the 3rd field, i.e., bond length, becomes short by 
relative index difference of the 3rd field where optical coupling is performed being made larger than the 
1st field and the 5th field. Moreover, since the relative index difference of the 1st field and the 5th field 
is small, it becomes connectable with an optical fiber at high joint effectiveness. 
[0016] Moreover, as for said each optical waveguide, it is desirable to make it become [ on which the 
refractive index of the core in the 3rd field spreads abbreviation etc. mutually at least ]. the refractive 
index of each core of two optical waveguides — abbreviation — by making it equal, since the field 
strength in the zero-order mode in each optical waveguide of the 3rd field and the primary mode serves 
as symmetrical distribution, the field strength distribution after interference serves as a single crest 
mostly, and the loss in the case of optical coupling becomes low. 

[001 7] Furthermore, it has the core of the double structure which consists of the inside core and the 
outside core which has a low refractive index relatively which has a high refractive index relatively as a 
concrete configuration of each of said optical waveguide, respectively, and the core width of face of 
each of said optical waveguide located in the 3rd field at least may be made to be made into the width of 
face of said inside core, respectively. In addition, about the above-mentioned optical directional coupler, 
it is desirable to be prepared between the cores of each of said optical waveguide located in the 3rd field 
at least, to have a low refractive-index field with a low refractive index, and to consist of refractive 
indexes of a clad. This low refractive-index field may be formed by the air space. Thus, while the 
relative index difference of the 3rd field becomes larger and bond length becomes short by preparing a 
low refractive-index field, the refractive index between the cores of the optical coupling section 
becomes low, and loss becomes small. 

[001 8] Moreover, as for said each optical waveguide, it is desirable to make it the core width of face of 
the part in which said low refractive-index field is established become narrower than the core width of 
face of other parts. Thereby, optical coupling section core size becomes small, and bond length becomes 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/21/2006 



JP,2000-056149,A [MEANS] 



Page 2 of 7 



still shorter. Furthermore, said low refractive-index field may be made to establish between the cores of 
each of said optical waveguide located in the 3rd field at least, and in the outside of each core. By doing 
in this way, the relative index difference of the core in the 3rd field and a clad becomes still larger. 
[0019] moreover, in the 1st field and the 9th field in which other optical directional couplers concerning 
this invention have two optical waveguides continued and prepared in the 1 -9th fields which continue 
along the propagation direction of light, and close outgoing radiation of the light is carried out Spacing 
between each optical waveguide is relatively made large so that light may spread independently the 
inside of said each optical waveguide. In the 3-7th fields Spacing between each optical waveguide is 
relatively narrowed so that the light which spreads the inside of said each optical waveguide may 
interact. In the 2nd field and the 8th field In the optical directional coupler of a configuration of that 
each optical waveguide of an adjoining field is connected, respectively Spacing between said each 
optical waveguide located in the 5th field is made narrower than spacing between said each optical 
waveguide located in the 3rd field and the 7th field, and each optical waveguide of the 5th field 
considers as the configuration connected with each optical waveguide of the 3rd field and the 7th field 
through the 4th field and the 6th field. 

[0020] Since spacing between each core of the 3rd and 7 field is larger than core spacing of the 5th field 
while bond length becomes short according to this configuration, since the 5th field located in the 
central part of the 3-7th fields used as the optical coupling section turns into a strong optical coupling 
field, the loss in the optical coupling section comes to be suppressed low. Furthermore, you may make it 
said each optical waveguide become narrower than the width of face of the core to which the width of 
face of the core located in the 5th field at least is located in other fields. In addition, about the above- 
mentioned optical directional coupler, it is desirable to be prepared between the cores of each of said 
optical waveguide located in the 3-7th fields at least, to have a low refractive-index field with a low 
refractive index, and to consist of refractive indexes of a clad. 
[0021] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based on a 
drawing. Dr awing 1 is the plan showing the configuration of the optical directional coupler concerning 
the 1 st operation gestalt. Moreover, drawin g 2 is (a) shown with the alternate long and short dash line of 
drawing 1 . - (e) It is the sectional view which can be set. In drawing, this optical directional coupler 
consists of optical waveguide layers which used polyimide etc. and were formed for example, on the 
silicon substrate 10 and this silicon substrate 10. An optical waveguide layer consists of two cores 12 
surrounded by the clad 1 1 , each core 1 2 is formed in parallel with a longitudinal direction by drawin g 1 , 
and mutual spacing is narrow in the central part. Here, the part (close outgoing radiation section) located 
in a right-and-left edge by drawing 1 is made into the 1st field and the 5th field, make into the 3rd field 
the part (optical coupling section) to which spacing of each core 12 located in the center became narrow, 
and let the parts (connection section) located between the 1st field and the 5th field, and the 3rd field be 
the 2nd field and the 4th field. 

[0022] Each core 12 has the double core fabric which consists of core (inner core) 12B located in core 
(outer core) 12A and the inside which are located outside. Outer core 12A is formed near the edge of the 
1 st field where connection with a single mode fiber etc. is made, and the 5th field (refer to drawin g 2 (a) 
and (e)), and becomes connectable with a single mode fiber at high joint effectiveness by having the 
large cross-sectional area in a connection end face. The cross section is made narrower than outer core 
12A, and it is formed in the 2nd field - the 4th field, applying inner core 12B. moreover, the refractive 
index of the part which two cores 12 counter - mutual - abbreviation - it is made to become equal, and 
it is set up so that two cores 12 may have symmetrical structure. 

[0023] Conversion to inner core 12B from outer core 12A is performed by joining each core formed in 
the shape of a taper in the 1 st field and the 5th field. The core cross section of this conversion part serves 
as double structure, as shown in dr_a_wingJ2 (b) and (d). In addition, although it was made to perform 
conversion to inner core 12B from outer core 12A in the 1st field and the 5th field, it may be made to 
carry out not only this but in the 2nd field and the 4th field. However, if it changes in the 1st field and 
the 5th field, since the core of the 2nd field and the 4th field can be made thin and radius of curvature 
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can be made small, an optical directional coupler will become smaller. 

[0024] The refractive index (nlo) of outer core 12A is higher than the refractive index (n2) of a clad 11, 
and the refractive index (nl i) of inner core 12B is made higher than the refractive index (nlo) of outer 
core 12A. That is, the refractive index of optical waveguide is set up so that it may have the following 
size relation. 

nl i>nl o>n2 -- here shows the example of each set point in the 1st operation gestalt. Core size is set to 
width-of-face Wl=4micrometerx height Hl=7micrometer about inner core 12B, and it is refractive- 
index nli 1.532 It carries out. Core size is set to width-of-face W2=7micrometerx height 
H2=7micrometer about outer core 12A, and it is refractive-index nlo 1.528 It carries out. About a clad 
1 1 , it is a refractive index n2. 1 .520 It carries out and thickness of 10 micrometers and an exaggerated 
clad is set to 1 5 micrometers for the thickness of an undershirt clad. Moreover, by such setup, it is the 
gap width of face Gl between the cores in the 3rd field 5.5 Bond length will be set to 5.4 mm if mum. 
[0025] Moreover, the formation approach of the double core fabric mentioned above is explained 
briefly. Drawing 3 is the formation approach of a double core fabric of having used for example, 
fluorination polyimide. In addition, although fluorination polyimide was used here, this invention is not 
restricted to this. However, if an organic material like fluorination polyimide is used, a double core 
fabric can be produced comparatively easily. 

[0026] In drawing 3 , sequential formation of a cladding layer, an outer core layer, and the inner core 
layer is first carried out by the spin coat on a silicon substrate 10. Next, after forming the mask 
equivalent to inner core width of face on an inner core layer, a part of inner core layer and outer core 
layer are etched by reactive ion etching (RIE), and an outer core layer is further applied so that an inner 
core may be surrounded. 

[0027] Next, in forming the double core part located in the 1st field or the 5th field, after forming the 
mask equivalent to outer core width of face on an outer core layer, RIE removes an unnecessary outer 
core layer, an outer core is formed, a cladding layer is applied so that an outer core may be surrounded 
further, and the double core fabric of the 1st field or the 5th field is formed. In forming the core part 
located in the 2nd - the 4th field, after, forming the mask equivalent to inner core width of face on an 
outer core layer on the other hand, RIE removes an unnecessary outer core layer. However, an outer core 
will remain in the upper and lower sides of an inner core in this case. And a cladding layer is applied so 
that a core may be surrounded, and the double core fabric of the 2nd - the 4th field is formed. 
[0028] In the optical directional coupler which has the double core fabric formed as mentioned above, in 
connection with a single mode fiber, since it connects with outer core 12A with big core size, joint 
effectiveness higher than the conventional optical directional coupler is realized. On the other hand, in 
the optical coupling section of the 3rd field, since inner core 12B which made the refractive index high 
is formed and the relative index difference delta of a clad 1 1 and a core 12 is large, bond length (the die 
length of the 3rd field) can be shortened. In the conventional optical directional coupler (for example, 
core width of face is 7 micrometers, and relative index difference delta is 0.5 etc.) which does not 
specifically have the inner core which made the refractive index high, although bond length is set to 
about 10mm, bond length becomes 5.4 mm extent by using the structure of this operation gestalt. 
Therefore, a small optical directional coupler is comparatively realizable by low loss. Moreover, in the 
optical coupling section, by making width of face of a core 12 into inner core width of face, and 
adjusting a setup of this width of face suitably, even if relative index difference delta becomes large, it is 
possible to maintain a single mode. 

[0029] Next, the 2nd operation gestalt of this invention is explained. Drawing^ is the plan showing the 
configuration of the optical directional coupler concerning the 2nd operation gestalt. Moreover, drawing 
5 is (a) shown with the alternate long and short dash line of drawin g 4 . - (c) It is the sectional view 
which can be set. In drawing, this optical directional coupler is taken as the configuration which formed 
the low refractive-index field 13 between each core located in the 3rd field (optical coupling section) at 
least, in order to form two cores 12 surrounded by the clad 1 1 on the silicon substrate 10 and to enlarge 
relative index difference delta of the clad 1 1 and core 12. 

[0030] Unlike the case of the 1st operation gestalt, each core 12 shall have single core size and a single 
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refractive index (nl). When an example is shown, core size is set to width-of-face W3=7micrometerx 
height H3=7micrometer, and it is a refractive index nl. 1.530 It carries out. Moreover, it is the gap width 
of face G2 between each core 5.5 It is referred to as mum. Furthermore, about a clad 1 1, it is the 
refractive index n2 1.522 It carries out. 

[0031] The low refractive-index field 13 has the width of face below the gap width of face between each 
core 12 in the 3rd field, and is the refractive index n2 of a clad 11. Low refractive index n3 It is the field 
which it has. the optical directional coupler for which this low refractive-index field 13 used polyimide - 
- etching — a slot — forming ~ there — a clad 1 1 — low ~ if the refractive index matter is applied, it can 
form, the cross-section configuration of the low refractive-index field 13 - for example, drawin g 6 (A) - 
(D) etc. - considering as various configurations as shown is possible. Here, as a concrete example of a 
setting of the low refractive-index field 13, it is referred to as width-of-face W4=4micrometerx depth 
D4=4micrometerx die-length L4=6000micrometer, and is a refractive index n3. 1.520 It carries out. 
[0032] According to the optical directional coupler of the above structures, since relative index 
difference delta in the optical coupling section can be enlarged, bond length can be shortened. Moreover, 
relative index difference delta is the width of face, the depth, and the refractive index n3 of the low 
refractive-index field 13. It can adjust by changing. Furthermore, from the refractive index between the 
cores in the optical coupling section falling, since the minimal value II of the hollow of the central part 
of electric-field distribution in the zero-order mode shown in above-mentioned drawing 34 (I) becomes 
low, loss in the optical coupling section can be made low. Therefore, according to the 2nd operation 
gestalt, it can connect with a single mode fiber at high joint effectiveness like the case of the 1st 
operation gestalt, and a small optical directional coupler can be realized by low loss. 
[0033] Next, the 3rd operation gestalt of this invention is explained. Drawing 7 is the plan showing the 
configuration of the optical directional coupler concerning the 3rd operation gestalt. Moreover, drawin g 
8 is (a) shown with the alternate long and short dash line of drawin g 7 . - (c) It is the sectional view 
which can be set. In drawing, about the optical directional coupler of the 2nd operation gestalt, this 
optical directional coupler replaces with the low refractive-index field 13, and forms an air gap (air 
space) 14. Configurations other than the above are the same as the configuration of the 2nd operation 
gestalt. 

[0034] If an air gap 14 is the optical waveguide which used a quartz system and fluorination polyimide, 
it is simply producible by etching, moreover, the case of the cross-section configuration of the low 
refractive-index field 1 3 which mentioned above the cross-section configuration of an air gap 14 - the 
same - for example, drawing j? (A) - (D) etc. - considering as various configurations as shown is 
possible. Here, a width-of-face W5=4micrometerx depth D5=4micrometerx die-length 
L5=6000micrometer thing is used as an example of an air gap 14. 

[0035] According to the optical directional coupler of the above structures, like the case of the 2nd 
operation gestalt, since relative index difference delta in the optical coupling section can be enlarged, 
bond length can be shortened. Moreover, relative index difference delta can be adjusted by changing the 
width of face and the depth of an air gap 14. Furthermore, since the refractive index between the cores in 
the optical coupling section falls, loss in the optical coupling section can also be made low. In addition, 
an air gap 14 also has the advantage that it can form easily compared with the low refractive-index field 
13. 

[0036] Next, the 4th operation gestalt of this invention is explained. Drawing 10 is the plan showing the 
configuration of the optical directional coupler concerning the 4th operation gestalt. Moreover, drawin g 
1 1 is (a) shown with the alternate long and short dash line of drawin g 10 . - (c) It is the sectional view 
which can be set. In drawing, about the optical directional coupler of the 2nd operation gestalt, core size 
covers an overall length, and this optical directional coupler is replaced with two uniform cores 12, and 
prepares two core 12' which made smaller than the part located in other fields core size of the part 
located in the 3rd field. Configurations other than the above are the same as the configuration of the 2nd 
operation gestalt. 

[0037] Each core 12' about the part located in the 1st field and the 5th field The size of the part which 
has the same size as the core 12 used with the 2nd operation gestalt, and is located in the 3rd part For 
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example, it was referred to as width-of-face W6=4micrometerx height H6=4micrometer, and the part 
located in the 2nd field and the 4th field was formed in the shape of a taper, and has connected the 3rd 
field, the 1st field, and the 5th field. Moreover, refractive index nl of the core in each field It is set up so 
that it may become equal, for example, it is refractive-index nl =1 .530. It is carried out. The relative 
index difference delta at the time of using this core 12 f can be adjusted by changing width of face, the 
depth, etc. of the low refractive-index field 13. 

[0038] According to this configuration, optical waveguide will become a multimode if core size 
becomes [ relative index difference delta ] large in a fixed case. In single mode ******, relative index 
difference delta can be enlarged, so that core size is made small. If relative index difference delta is 
enlarged and core size is made small as shown in above-mentioned drawin g 35 , bond length can be 
shortened with a single mode maintained. Therefore, according to the above-mentioned configuration, a 
smaller optical directional coupler will be realized more by low loss. Moreover, in the part located in the 
1st field and the 5th field, joint effectiveness with a single mode fiber is highly maintained for core size 
by that in the size case. 

[0039] In addition, although it was made to make thin the core of the part located in the 3rd field with 
the 4th operation gestalt mentioned above, as shown in drawin g 12 , not only the optical coupling 
section but the core of the part located in the 2nd field and the 4th field may be made thin. If it does in 
this way, since the curvature for a bend section of the 2nd field and the 4th field can be made small, an 
optical directional coupler can be made still smaller. Moreover, the low refractive-index field 13 of the 
4th above-mentioned operation gestalt may be replaced with an air gap 14 like the case of the 3rd 
operation gestalt. 

[0040] Next, the 5th operation gestalt of this invention is explained. Drawin g 1 3 is the plan showing the 
configuration of the optical directional coupler concerning the 5th operation gestalt. Moreover, drawin g 
1 4 is (a) shown with the alternate long and short dash line of drawin g 13 . - (e) It is the sectional view 
which can be set. In drawing, like the case of the 3rd operation gestalt, this optical directional coupler 
forms an air gap 14 between each core of the 3rd field at least, and enlarges relative index difference 
delta of a clad 1 1 and core 12B about the optical directional coupler of the double core fabric of the 1st 
operation gestalt mentioned above. In addition, the air gap 14 used here can also be made into the same 
low refractive-index field 13 as the case of the 2nd operation gestalt mentioned above. 
[0041] In the optical directional coupler of such a configuration, since relative index difference delta in 
the optical coupling section can be enlarged by having considered as the double core fabric, without 
lowering joint effectiveness with a single mode fiber, bond length can be shortened further. Moreover, 
since the minimal value II of the hollow of the central part in the zero-order mode mentioned above can 
be made low by having formed the air gap 14, loss in the optical coupling section can be made low. 
[0042] Next, the 6th operation gestalt of this invention is explained. Drawing 15 is the plan showing the 
configuration of the optical directional coupler concerning the 6th operation gestalt. Moreover, drawing 
16 is (a) shown with the alternate long and short dash line of drawing J5 . - (c) It is the sectional view 
which can be set. In drawing, about the optical directional coupler of the 2nd operation gestalt, this 
optical directional coupler prepares low refractive-index field 13' not only in between each core 12 but 
in the outside of each core 12 in the 3rd field at least, in order to enlarge more relative index difference 
delta of a clad 1 1 and a core 12. Other configurations are the same as the configuration of the 2nd 
operation gestalt. 

[0043] Low refractive-index field 13' is continued and formed near the boundary of the 4th and 5 field 
from near the boundary of the 1st and 2 field here, and the cross-section configuration is drawing 16 (b). 
It has the part projected between two cores 12 and on the outside of each core 12 so that it may be 
shown, in addition, the cross-section configuration of low refractive-index field 13' — drawing 1 7 (A) - 
(D) etc. — considering as various configurations as shown is possible. It is possible to adjust suitably the 
relative index difference delta of a clad 1 1 and a core 12 by changing width of face, the depth, etc. of 
this low refractive-index field 13'. 

[0044] In the optical directional coupler of such a configuration, since the relative index difference delta 
in the optical coupling section becomes still larger compared with the case of the 2nd operation gestalt, 
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it is possible to shorten bond length more. Moreover, like the case of the 2nd operation gestalt, since the 
refractive index between each core 12 falls, the minimal value II of the hollow of the center in zero- 
order mode becomes small, and serves as low loss. Therefore, according to the 6th operation gestalt, it is 
more small and the optical directional coupler of low loss can be realized. 

[0045] Next, the 7th operation gestalt of this invention is explained. Dr awin g 1 8 is the plan showing the 
configuration of the optical directional coupler concerning the 7th operation gestalt. Moreover, drawin g 
1 9 is (a) shown with the alternate long and short dash line of drawing 18 . - (c) It is the sectional view 
which can be set. In drawing, about the optical directional coupler of the 6th operation gestalt, this 
optical directional coupler replaces with low refractive-index field 13\ and prepares air gap (air space) 
14'. This configuration is the same as that also of what replaced with air gap 14' the air gap 14 used with 
the 3rd operation gestalt. Configurations other than the above are the same as the configuration of the 
6th operation gestalt. 

[0046] If this air gap 14' is the optical waveguide which used a quartz system and fluorination 
polyimide, it is simply producible by etching, moreover, the case of the cross-section configuration of 
low refractive-index field 13' which mentioned above the cross-section configuration of air gap 14' — the 
same - for example, drawing 20 (A) - (D) etc. - considering as various configurations as shown is 
possible. It is possible to adjust suitably the relative index difference delta of a clad 1 1 and a core 12 by 
changing width of face, the depth, etc. of this air gap 14'. 

[0047] According to the optical directional coupler of the above structures, like the case of the 6th 
operation gestalt, since the relative index difference delta in the optical coupling section becomes still 
larger, bond length can be shortened more and loss in the optical coupling section can also be made low. 
Furthermore, air gap 14' also has the advantage that it can form easily compared with low refractive- 
index field 13'. In addition, although the above-mentioned 6th and the operation gestalt of 7 explained 
the case where low refractive-index field 13' and air gap 14' were applied about the operation gestalt of 
the 2nd and 3, not only this but, of course, this invention can apply low refractive-index field 13' and air 
gap 14' about the operation gestalt of the 4th and 5. In drawin g 2 1 and drawin g 22 , the plan and each 
sectional view at the time of applying low refractive-index field 13' are shown about the 4th operation 
gestalt, and the plan and each sectional view at the time of applying low refractive-index field 13' about 
the 5th operation gestalt are shown in drawing 23 and drawin g 24 at them. 

[0048] Next, the 8th operation gestalt of this invention is explained. Drawing 25 is the plan showing the 
configuration of the optical directional coupler concerning the 8th operation gestalt. In drawing 25 , this 
optical directional coupler establishes the strong optical coupling field which made still narrower gap 
width of face between two cores 1 5 in the central part of the optical coupling section about the 
conventional optical directional coupler. In drawing, the close outgoing radiation section of the 
conventional optical directional coupler is made into the 1st and 9 field, the connection section is made 
into the 2nd and 8 field, and the optical coupling section is made into the 3-7th fields. The 3-7th fields 
used as the optical coupling section consist of the 4th and 6 fields which connect the 3rd and 7 field 
which has the same gap width-of-face G3 as usual, the 5th field as a strong optical coupling field which 
has the still narrower gap width of face G4, and the 3rd and 7 field and the 5th field. As a concrete 
example of a setting, width of face of each core 1 5 is set to 7 micrometers, height is set to 7 
micrometers, and gap width of face G4 in the 5th field is set to 4 micrometers. In addition, the 
configuration except having established the strong optical coupling field in the optical coupling section 
is the same as the configuration of the conventional optical directional coupler. 
[0049] In the optical directional coupler of such a configuration, since the gap width of face in the 
optical coupling section becomes narrower by having prepared the strong optical coupling field, bond 
length can be shortened. However, if gap width of face in all the 3-7th fields is narrowed, as mentioned 
above, the minimal value II of the hollow of the center of electric-field distribution in zero-order mode 
will become large, and the loss in the optical coupling section will increase. In order to prevent this, by 
making large gap width of face of the optical ON outgoing radiation part (the 3rd and 7 field) of the 
optical coupling section as usual, said minimal value II can be maintained small and the increment in 
loss can be prevented. Therefore, according to the 8th operation gestalt, the optical directional coupler 
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aiming at a miniaturization can be realized about the conventional optical directional coupler, without 
making loss increase. 

[0050] Next, the 9th operation gestalt of this invention is explained. Drawing 26 is the plan showing the 
configuration of the optical directional coupler concerning the 9th operation gestalt. In drawin g 26 , this 
optical directional coupler is replaced with each core 15 which has uniform core size about the operation 
gestalt of the above 8th, and is taken as the configuration which prepared core 15' which made small 
core size of the part located in a strong optical coupling field (the 5th field) at least. Specifically, width 
of face of each core 15' in a strong optical coupling field is set to 4 micrometers. Configurations other 
than the above are the same as the configuration of the 8th operation gestalt. 

[0051] In such an optical directional coupler, if gap width of face and relative index difference delta are 
in a fixed condition as shown in above-mentioned drawing 32 , the one where core size is smaller can 
shorten bond length. Therefore, according to the 9th operation gestalt, the same effectiveness as the 8th 
operation gestalt is acquired, and bond length can be shortened further. Next, the 10th operation gestalt 
of this invention is explained. 

[0052] Drawin g 27 is the plan showing the configuration of the optical directional coupler concerning 
the 1 0th operation gestalt. Moreover, drawin g 28 is (a) shown with the alternate long and short dash line 
of drawing 27 . - (e) It is the sectional view which can be set. In drawing, this optical directional coupler 
is taken as the configuration which formed the low refractive-index field 16 between each core located 
in the 3-7th fields (optical coupling section) at least like the case of the 2nd operation gestalt about the 
optical directional coupler of the 8th operation gestalt. It is prepared applying the low refractive-index 
field 1 6 in the middle of the 8th field from the middle of the 2nd field here, and the width of face is 
made below into the gap width of face between the cores in a strong optical coupling field, in addition, 
the cross-section configuration of the low refractive-index field 16 ~ drawing 28 (c) Not only the shown 
configuration but above-mentioned drawing 6 (A) - (D) etc. — considering as various configurations as 
shown is possible. Moreover, it replaces with the low refractive-index field 16 used here, and you may 
make it prepare the same air gap as the case of the 3rd operation gestalt. 

[0053] In such an optical directional coupler, since the refractive index between the cores in the optical 
coupling section falls by having formed the low refractive-index field 16, relative index difference delta 
of a clad 1 1 and a core 15 can be enlarged. The relative index difference delta in this case can be 
adjusted by changing width of face, the depth, etc. of the low refractive-index field 16. Therefore, 
according to the 10th operation gestalt, while being able to shorten bond length further, it is possible to 
also make loss in the optical coupling section lower. 

[0054] In addition, although the low refractive-index field was prepared between each core of the optical 
coupling section, you may make it establish a low refractive-index field not only in between each core 
but in the outside of each core with the operation gestalt of the above 10th like the case of the 6th 
operation gestalt mentioned above besides this. Moreover, you may make it prepare a low refractive- 
index field about the optical directional coupler of the 9th operation gestalt. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing J] It is the plan showing the configuration of the 1st operation gestalt of this invention. 
[Drawing 2] the same as the above - (a) of drawin g 1 of the 1st operation gestalt - (e) It is each sectional 
view which can be set. 

[Drawing 3] the same as the above — it is drawing explaining an example of the formation approach of 
the double core fabric in the 1 st operation gestalt. 

[Drawing 4] It is the plan showing the configuration of the 2nd operation gestalt of this invention. 
[Drawing 5] the same as the above (a) of d rawin g 4 of the 2nd operation gestalt - (c) It is each 
sectional view which can be set. 

[Drawing 6] the same as the above - it is the instantiation Fig. of the cross-section configuration of the 
low refractive-index field of the 2nd operation gestalt. 

[Drawing 7] It is the plan showing the configuration of the 3rd operation gestalt of this invention. 
[Drawing 8] the same as the above -- (a) of drawin g 7 of the 3rd operation gestalt - (c) It is each 
sectional view which can be set. 

[Drawing 9] the same as the above - it is the instantiation Fig. of the cross-section configuration of the 
air gap of the 3rd operation gestalt. 

[Drawing 10] It is the plan showing the configuration of the 4th operation gestalt of this invention. 
[ Drawin g 11] the same as the above - (a) of drawing 10 of the 4th operation gestalt - (c) It is each 
sectional view which can be set. 

[DrawingJ_2] the same as the above - it is the plan showing other examples of a configuration about the 
4th operation gestalt. 

[Drawing 1.3] It is the plan showing the configuration of the 5th operation gestalt of this invention. 
[Drawing 14] the same as the above - (a) of drawin g 13 of the 5th operation gestalt - (e) It is each 
sectional view which can be set. 

[Drawing 15] It is the plan showing the configuration of the 6th operation gestalt of this invention. 
[Drawing 16] the same as the above - (a) of dLawingJ.5 of the 6th operation gestalt - (c) It is each 
sectional view which can be set. 

[Drawing 17] the same as the above - it is the instantiation Fig. of the cross-section configuration of the 
low refractive-index field of the 6th operation gestalt. 

[Drawing. 18] It is the plan showing the configuration of the 7th operation gestalt of this invention. 
[Drawing 19] the same as the above - (a) of drawin g 1 8 of the 7th operation gestalt - (c) It is each 
sectional view which can be set. 

[Drawing. 20] the same as the above - it is the instantiation Fig. of the cross-section configuration of the 
air gap of the 7th operation gestalt. 

[Drawing 21] It is the plan showing the configuration at the time of applying to the configuration of the 

4th operation gestalt about the operation gestalt of the 6th and 7. 

[Drawing 22] (a) of drawing 21. - (c) It is each sectional view which can be set. 

[Drawing 23] It is the plan showing the configuration at the time of applying to the configuration of the 
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5th operation gestalt about the operation gestalt of the 6th and 7. 

[Drawing 24] (a) of drawing 23 - (c) It is each sectional view which can be set. 

[Drawing. 2.5] It is the plan showing the configuration of the 8th operation gestalt of this invention. 

[Drawing 26] It is the plan showing the configuration of the 9th operation gestalt of this invention. 

[Drawjng_27] It is the plan showing the configuration of the 10th operation gestalt of this invention. 

[Drawing 28] the same as the above — (a) of d rawin g 27 of the 10th operation gestalt - (e) It is each 

sectional view which can be set. 

[Drawing 29] It is the plan showing the configuration of the conventional optical directional coupler. 
[Drawing„30] It is drawing showing the relation between joint effectiveness with an optical fiber, and 
relative index difference. 

[Drawing 3_ I J It is drawing having shown bond length's relation to the gap width of face of the optical 
coupling section at the time of seting core size constant. 

[Drawing 32] It is drawing having shown bond length's relation to the gap width of face of the optical 
coupling section at the time of seting relative index difference constant. 

[DrawingJ33] It is drawing having shown the relation of the loss over the gap width of face of the optical 
coupling section. 

[Qrawing„34] It is drawing explaining the situation of migration of the optical power in the optical 
coupling section. 

[Drawing 35] It is drawing having shown bond length's relation to the relative index difference at the 
time of seting loss constant. 

[Dr awin g 36] It is drawing showing the field strength distribution in the optical coupling section of the 
conventional guided wave mold optical switch. 
[Description of Notations] 

10 — Silicon substrate 

1 1 - Clad 

12, 12', 15, 15'- Core 

1 2 A — Outer core 
12B - Inner core 

13, 13', 16 - Low refractive-index field 
14 14' - Air gap 
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